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FACTORS AFFLCTIIG Ti® INFICTIVITY ITVEL OF RNA
OF VEITRZULLAN EQ L ENCEFHALOMYLLITIS VIRUS

[Paper by A, 5. Anabalyan, L, K, Mer'shikh and F, I, Yershov, Institute of
Virology imeni D, I, Ivanovskiy, USSR Academy of Medical 3ciences, Moscow;
Voprosy Virusolo~ii (Problems of Virolozy), lic, 5 (?)1971, pp. 527-532, Re=
ceived by editors 13 July 1970],

[RNA of the Venezuelan equine encesthalomvelitis (VFE) virus, iso-
lated from virions and infected cells was studied, and the main
parameters for detection of maximal infectivity of the viral RiA
were determired, It was shown that, among the factors determining
the RNA infectivity level, adsorption time of the RNA on cells,

the concentration and duration of treatment of the cell. -rith

NaCl, and the addition of poljycations (DiAE-dextran, prot.aine sul-
fate) to the agar overlay, are all of significant importance, The
data obtained in the study suggest optimal conditions for deter=
mining the infectious activity of the RNA of the VEE virus].
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Up to now, infectious RNA's have been isolatad from mony different RIA
viruses, These include a number of the Group A arboviruses (eastern and western
equine encerhalomyelitis, Semliki™ wocd, Sindbis™ and Chikunrunya viruses (3, 6,
10, 1, 15]). In tha studies referred to, & nunber of different methods were
used to detect and determine the infectiocus properties of RNA, and this diver-
sity of technique explains the inconsistency of the results ottained, In the
case of the arboviruses, infectious RNA was obtained from the brains of infect-
ed mice, infected cells, and virion suspensions [3, 15]. The phenol deproteini-
gation method, in a great variety of modificatisns, is the cne most widely used
to uo%ai]:o RIA., In & few studies RNA has been detected with the use of deter-
gents | 2],

In the early stud.es, titration of the iaofectivity of viral RNA'e was
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realiced with the use of intracerebral administration of precvaraticns to nevie
torn mice {31, Verw scoi, however, a nore nraciie wnd cencitive method of ti~
R « s’ 3 H
trating (A dnfectivity vas devised, usint the plangues formed under the arax
L) Ll >
overlay [1, 137 of cell exdiuwres, Tomroveast of this method folleed, aler:
the line of increcsius Liters of irtectious (.., llere, oo in the erbrociicn
(3 . - - , kY ~ .
process, vardous additives were used--bentonite, scdium desorgrlite, sodiun
" S : 1LUE, ue 2 »
dodecylsulfate, D iE-detran, poliornityl, dim~thyl -sulfoxide, prctamine sul-
fate, and some others, These additives lavorcd an increase in ce2ll permea-
bility, or protected the RiA from the distructive action of ribenuciease,

Optimal conditions for observing the infectious properties of RIA vary
widely, devendinz on the wroperties of the Venezuslan equine encephalongyelitis

(VEE) virus, the form of the cell culture used, and the conditions of culturine,

The aim of the present study was to determine optimal conditions for
making clear the iniectious properties of the RIA of the VEE virus, a repre-
sentative of the arbovirus Group A,

Materials and methods. The virus, The VEE virus used was ob-
tained from the Museum of Virus Strains, Institute of Virology
imenl Ivanovsidy, USSR Academy of Medical Sciences. The virus
went through up to 30 laboratory passages on chicken embryo
fidbroblasts, Tre virus-containing liquid obtained 18 hours
following infection of the menolayer served as the source of
RNA, as did the infected celis themselves, The viruses were
titrated with use of the piague-under-agar-overlay method [117,

Cells, Chicken fibroblasts, obtained with trypsinization of
101 1~day~old embryos, were cultured in a mixture of lactalbu-
min hydrosate and edium Ho, 199 (1:1) with 10% beef serum, for
2=3 days before formatiom of the monolayer,

Isolation of RIIA, The infectious RINA was isolated by the phenol-
detergent wethod. The extraction process was as follows: to the
virus-containing susmension was added 0,55 of sodium dodecylsul-
fate and an equal volume of freshly distilled pherol, heated to
659C and saturated with tris-HCl with & buffer, The mixture was
sgltated for 5-7 minutes at 659, then centrifuged at 5,000 rpm
for 20 min, The surper{lucus liquid was removed, and the extrec-
tion repeated, this time withoat the addition of detergent. Tis&
aqueous phase, following & second centrifuging, was treated 5-&
times with a double volume of distilled ether to remove the rem-
nants of phenol, The ether was removed from the solution by ni-
trogen blow-through, and the RI/A was precipitated by a 2,5-volume
of 96% ethanol.

RiRA from the infected cells was isolated by the same method, but
with use of cold phenol,

Determinatio of the infectious vroperties of the A, The rsethod
of plaques under arar overlay was usad for the tilrimetry of RA
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A infectivity., Dilutions of the [MA were vreonered cn C,1 M
tris-HCl buffer with 1 Il laCl, pH 7.4=7.%5, The cells, before
infection, ware trezted with the omze Luller for 15 min, at
roaa temrerature, To cieh cilllare wasg awled 0,2 ml of tic
corresponding Rl dilutien, Adsorption of the latter on the
cells was continued for 2-5 min, at room temperature, Unad-
sorbed RI'A was removed, follcwing which the monolayer was
covered with an azar overlsy, After 4€ hrs, of incubation,
the monolayer was dyed and the number of plaques dstermined,

RO . In the control tests, the RIA wts treated with ribonuclease
Sl (Worthington) and with serum immune to Vil virus, To ob%ein
the latter, rabbits were injected iutravenously 3=, tiues with
1 ml of virus-containing suspension (10+109 BVU/ml) at weekly
intervels. The last injection was both intravenous and intra-
abdominal, Serum titer in the hemaglutination-inhibition re-
T action was 1:10,000, and in the neutralization reaction
L 1:33,000,
Reacents, DiAE-dextran ("3igma", U.S.A,), protamine sulfate
#Spofa", Czechoslovakia), trypsin ("Difco", U.S.A.).

TABLE 1

Effect of Processing Time and Nall Con-
centration on Titer of Infectious RNA

' Titer of infectious RMA (in log BVU/ml)
NaCl concen-
tration (M) Processing time (min,)
5 10 15 20 25
0.5 1.6 1.7 2,0 1.9 1.1
1.0 2,3 2,8 3.5 2.3 1.7
1.5 2.4 2.3 1.5 0.0 0.0
ke 2,0 0,0 ! 0.0 0.0 0.0 0.0

NOTE: Zero entries denote the absence of plaques, resulting from
destruction of cells,

Resulta
1. The effect of processineg time and NaCl on infectious RIIA titer, It

was established in a series o1 tests that the usual method of virus titrimetry
is unsuitable for determining the infectious activity of RIA preparations., To
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asgure puritedbilit; of the cells to U\, the monolover was treated with various
concentrations of 7271, It smas obcorrved thot rradsal titers of LU infectiviicr
apreared follewin~« treat ont of the cells with 1 10 Jall solitien ror 15 rin, ot
roon temperature, As is evident frcm Table 1 above, inerease in concentraticn,
Just as prolenjation of cell-NaCl contact, as 2 rule results in a perceptibl~ re-
duction in the number of plaques. Reduction of infectious RIA titer is observed

also in connection with use of a hypotonic NaCl solution, or reduction in pro-
cessing time,

2, The Effect of DilT-dextran and vrotarine sulfate, As is well known,
polycations of the type of L.uui~dextran, rrotmine sulfate and poliormithine

have an effect on the nunber and size of plaques fomned by infectious RiA under
an agar overlay [1, 2, 7, 12, 131,

In the studies cited, polycations were used both in treating the cells and

for thinning the RIA; in some cases, t00, they formed part of the coamposition
of the agar coverlay,

In our own tests, the effect of various concentrations of DZAE-dextran
on plague-formation caused by infectious RiA was determined. It was established
that the hishest denree of infectious activity results from the addition of 2-3
mg/ml. of DiAE-dextran (Figure 1). The introduction of the indicated concentra-
tions of polycation isd to an increase in the numbsr of plaques, The plaque di-
ameter increased perceptibly, reaching 5~6 mm in a number of cases (Figure 2),
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Figure 1, Effect of various concentrations of DEAE-dextran
and protamine sulfate on infectious RNA titer,

The DEAE-dextramine and protamine sulfate in various con-
centrations were added to the agar overlay, Maximal val-
uss cf the RNA are taken as 1007,

! =~ DEAR-dextran; 2 - prrotemine sulfate, VA titer (dn )
is plotted on the y-axis; concentration of DIiE-iextran and
protaxine sulfate (in m-/ml) on the x-axdis,
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Figure 2, Plaques formed by infectious RIA oi VEE virus, On
the monolayer was imposed 0,2 ml of material in a dilution
of 10-1, After 2 hrs, of incubation at 37°C, the monolayer
was dyed and the number of plaques counted,

\
S 8
DS

2

3

RNA titer {in %)

'{ af .
il S
e R ywy Bvoasd cre s

077205 00 10 00 oo Ju

Time (min,)

Figure 3, Conditions of adsorption of infectious RNA on cells,
Adsorption was produced at varicus time intsrvals and at vare

ious temperatures. Values of A ottained with S-minute ad-
sorption were taken as 100%. 1 - room texmperature; 2 - 379C;
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Figure 4. Sensitivity of infectious RNA and VEE virus to heating,

Preparations of virus and RNA were heated at 56°C for various
periods.

1 = infectious RNA; 2 - initial virus

At the same time, optimal concentraticn of protamine sulfate, intro-
duced into the agar overlay in place of DZAE-dextran, was determined, It was
found that with use of 0,3-0.6 mg/ml protanine sulfate, titers of infectious

RNA approximated the maximal values (Figure 1); however, in this case the plaques
were of smaller diameter, and less distinctly shaped, than with use of DEAE-
dextran, The use of high concentrations of DEAR-dextran and protdnine sulfete,
with the optimal valnes indicated above, led to a marked lowering of the in-

fectivity titers of the 1,

3. Adsorption of infecticus RilA, As distinet from viruses, which re-
quire 30-60 min,yor adsorption on ceils, R:/\ is absorbed a great deal more
rapidly. Ve were able to establish in a series of experiments that the highest
™A titers are found following adsorption of the RIA in the course of 2-3 min,
“ room temperature, and also at 37°C. In the case of adsorption of R4 at
+'Cy no plaque-formation takes place (Figure 3)., As is evident fram Figure 3,
“men adsorption time is increassed beyond the optimal length, thers is & marked

*ap in infectivity titevn,

L. Acticn of ribuanuclease, trypsin and immme serum, In a series of
st8 we determined the actiun of enzymes and irmune serum on preparations of
“rfecticus RIA (Table 2). The initial virus was used as a cortrol, It was
wonstrated that treatment with ribonuclease completely inacti-:t~gs the in-
1sctious properties of the RilA, whereas treating the initial v. us ith riboe
nuclease vroduces only a neglipgible redunction in infectious capability, or

none at all,




TLBLE 2
affect of Various Factors on the Infectivity of
V.o Virus and Ri/A Preparations
Infectivity titers (in log BVU/ml)
R N A Initial virus‘
Type of Eefore After |Loz of inhi-| RBefore| After | Lo7 of inhi-
treatient treat- treat- |bition (=) treat-| treat-| bition (==)
rient rent or increase ment rient or\increase
(+) (+)
R:Lbonu.c.%c;'za,se1 3.0 0 -3,0 8.1 8,0 0
Tl‘ypsm ” 300 3-0 o 7-8 7.8 —003
Immune serun’ | 3.1 - 2.9 ==, 2 6.0 5,0 —-—2,1
1 M NaClk 0 3.5 3.5 7ol 7.1 -—1,7
DEAE-dextran® |0 3.5 +3,5 9.0 9.0 40,2
Prot e sul- |0 3.4 +3.4 8.9 8.9 +0.1
fat

1RMA and virus preparations treated with ribonuclease (5 ug/ml) for 30

min, &t room temperature,

2RA and initial virus treated with trypsin (5 ug/ml) for 30 min, at

room temperature,

3RNA and virus preparations treated with serum (1:100, titer 1:33,000)
for 1 hr, at room temperature.

Lyionolayer of cells treated with 1 M NaCl at room temperature for 15 min,

before addition of virus.

5In optimal concentrations,

The serum immmune to VEE virus had no effect on plague~farmation vroducad
by RNA preparations; however, it significantly lowered the “Anfectious titers
of the initial virus,

We should recall, clso, the toxic effect which t..e neutral red dye, usuully
added to reveal vlaques in the apar overlay, has on the infectivity of the RMNA

prepcrations,

The the number of plaques is usually reduced by a factor of several

times, in comparison with those found in the dyed monolayer after two days of

incubation.




5. Sensitivitr of _‘::'_J:{_t' 'LY.JIZ“._'_"’;’.‘EL.'} e ™\ crevarcticag t to Dot
Heat—resiotir.ce is a charccterintlie feoivre of f-uTc-me) % Ne ith leanio -
varicus reriods of tie at 55”:, Licebtivits ol Y3 suhintLree rfrrjns cwizu U
changed, whereas similer hsating of the initizl virus leads to rroledin conu-
lation, thus producing inacciviaticn of the virus in 2-3 minutes of heating

(Figure 1&)0

6. Stability of infectious it isolated from various sources, durin~
the procass Of GLoi” -8, 1:16CLiol; (1 f0lrted Aitner 4rod Yiris cUsLonoicns
or froa infected cclls preserves 1t activity best when stored at —=200C, it
—109C, hovever, it will retain it rotency for 7-10 days, As is evident from
Table 3, A isolated from a virus :snspension is significantly nore steble (ore-
gerving its infectivity for 4-5 veolg) than RNA obtained from infected cells,
vwhich begins to become inactivated hy the end of the second week of storage,

TABLE 3

stability of Infectious RlIA's of
VEX Virus, in Storage®

Infectious RNA titer (in log
BVU/ml)

Storage period (weeks)

Infectious R N A

i 2 3 L 5
From virus suspensio 4.0 3.7 3.5 3.5 2,8
From infected cells 3.0 1,8 0.7 0 0

*Preparationa stored at —20°C,

Discussion

RA of VEE virue can be isolnted from various sources with the phencl~
detergent method. The RIA preparati.ns thus obtained have an infrared absorp-
tion spectrum which is characteristic of the pucleic acids. The data of tests
made to determine RYA sensitivity to various enzimes a:d to immune serum (See
Table 2) indicate that the infectivity of vreparations obtained as a result
of phenol deproteinazation of viral particles is that of virus RNA and not that
of a residual virus,

The process of adsorption of A by cells is an extremely rapid one which
is evidently couplete after 5 min, ! contact. The subsecuant droo in RIA

s




infeectivity level whichi we observed =oy be ansociated both with the destructive
action of ribomicleace and vith the crtouesiruclive cection of the 1 1! Lull on
the cells,

lost rescirchers emphasice the nzscessity 07 using hymerteonic soluticns in
the process of titrating infectious LA, Concentration of the salh and tine of
application to th: cells denend first of all up~n the type of tissue culture
[5] used, Tgarashi et al. {6], for example, in order to obtain macdimal titers
treated cells with Vero 2 I 1750), in contrast to our own experiments, in which
the optimal concentration was found to be 1 i (iaCl).

Polycations used to raise the infectivity of RI/A may act in v .riocus wavs,
interacting both with the cells and with the A itself, In the first instuance
they raise the cell permeability to the nuclcic acids; in the second, the fiii=
polycaticn complex which i3 formed may, pnssibly, effectively protect the nu-
cleic acid from the action of ribonuclease,

The use of optimal concentrations of DZAll-dextran, protamine sulfate,
and a number of other polycations has enabled m2ny researchers to achieve the
very best results in determining the infeetious properties of RIA viruses [1,
2, Ly 7, 8, 9, 12], Here it should be emphasized that reduction in infection
titers, which is observed with increase in the concentration of the polycations
above the optimal, may possibly be the result of the toxic action of the poly-
cations on the cells,

As indicated by the data shom in Table 2, this conclusion is justified
for the RNA of the VEE virus,

One should emphasize, in prticular, the heat-resistance of nucleic
&cid, It was shown in our tests that deproteinized RIA is not inactivated
by temper-~tures of 56°C, whersas the same temperature will inactivate the
virus, prcbably as a result of coagulation of proteins, which on being dis-
placed form conzlomerates with the nucleic aeid, thereby preventing the possi-
bility of the latter exerting its infective capabilities,
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